Abstract. Regardless of the controversial pathogenesis, intracranial meningeal hemangiopericytoma (M-HPC) is a rare, highly cellular and vascularized mesenchymal tumor that is characterized by a high tendency for recurrence and extraneural metastasis, despite radical excision and postoperative radiotherapy. M-HPC shares similar clinical manifestations and radiological findings with meningioma, which causes difficulty in differentiation of this entity from those prognostically favorable mimics prior to surgery. Treatment of M-HPC, particularly in metastatic settings, remains a challenge. A case is described of primary M-HPC with recurrence at the initial and distant intracranial sites and extraneural multiple-organ metastases in a 36-year-old female. The metastasis of M-HPC was extremely extensive, and to the best of our knowledge this is the first case of M-HPC with delayed metastasis to the bilateral kidneys. The data suggests that preoperative computed tomography and magnetic resonance imaging could provide certain diagnostic clues and useful information for more optimal treatment planning. The results may imply that novel drugs, such as temozolomide and bevacizumab, as a component of multimodality therapy of M-HPC may deserve further investigation.
Introduction
Similar to the hemangiopericytoma of soft tissues in pathological features, first reported by Stout and Murray (1), intracranial meningeal hemangiopericytoma (M-HPC) is a rare mesenchymal tumor, possibly of pericytic origin in the meninges, which was initially described by Begg and Garret (2) in 1954. The study by Cushing and Eisenhardt (3) was the first to report a dural-based hemangiopericytoma, which was described as a variant of meningioma. M-HPC, constituting ~0.4% of all the primary central nervous system tumors, is a distinctive, well-defined clinicopathological entity characterized by a propensity for local recurrence and extraneural metastasis (4) . In the 2007 World Health Organization Classification of Tumors of the Central Nervous System, M-HPC was identified as a distinct entity in the group of mesenchymal non-meningothelial tumors (4) .
M-HPC shares similar clinical manifestations and radiological findings with meningioma and the newly recognized solitary fibrous tumor of the meninges, which makes it difficult to differentiate this entity from those prognostically favorable mimics prior to surgery. Preoperative detection and identification of M-HPC is important for improved clinical risk stratification, more optimal selection of therapy, and improved treatment response prediction and prognosis evaluation. Regardless of an enhanced understanding of the aggressive biological behavior of this type of tumor, the treatment of M-HPC remains a great challenge.
In the present study, a histopathologically and immunohistochemically confirmed case is described of M-HPC with recurrences at the primary and distant intracranial sites and extraneural metastases to multiple organs. The radiological features and treatment outcome is summarized.
Case report

Patient.
A 36-year-old female presented with a 3-year history of weakness and numbness of the left lower limb and a recent headache. The patient had no history of trauma or fever. The neurological examination revealed that power was decreased in the left lower limb (grade III) when compared to the right Computed tomography (CT) of the head revealed a right frontal isodense mass adjacent to the falx cerebri without calcification, however, minimal peritumoral edema was observed. Magnetic resonance imaging (MRI) demonstrated a large extra-axial dural-based tumor (5.8x5.2x4.2 cm) in the right frontal region. On T2-weighted imaging, the mass exhibited a predominant isointensity with minimal peritumoral edema and mass effect extending across the midline (Fig. 1A) . On T1-weighted imaging, the lobulated lesion demonstrated a mixed intensity in comparison to the surrounding brain (Fig. 1B) . Intense inhomogeneous contrast enhancement with cystic components and lobulated contour of the mass were noted on contrast-enhanced MRI (Fig. 1C) . A possible diagnosis of M-HPC was made. Preoperative embolization at the time of cerebral angiography was used to reduce blood loss and brain injury during the surgery.
Immunohistochemical staining. Tissue blocks of the primary and recurrent tumors and the biopsy bone specimen (right ilium) were available for histopathological and immunohistochemical studies. Hematoxylin and eosin (H&E) stains were routinely performed. Immunohistochemical stains were performed with the Dako EnVision System (Peroxidase, DAB; Dako North America, Inc., Carpinteria, CA, USA), and the following antibodies were used for immunohistochemistry: Vimentin (1:100, V9; DakoCytomation, Glostrup Denmark), glial fibrillary acidic protein (1:400, 6F2; Antibody Diagnostics, Stanford, CT, USA), cluster of differentiation (CD34) (1:100, QBEnd10; Immunotech, Marseille, France), epithelial membrane antigen (1:100, E29; DakoCytomation), S-100 (1:50, 4C4.9; rabbit polyclonal; DakoCytomation), factor XIIIa (1:500; Calbiochem, San Diego, CA, USA), CD99 (1:100, clone O13; Signet Laboratories, Dedham, MA, USA), B-cell lymphoma 2 (bcl-2) (1:200; DakoCytomation) and Ki-67 (1:50; MIB-1, DakoCytomation). The immunohistochemical results were graded subjectively according to extent as negative (-), focal (+) or diffuse (++).
Gross total resection was performed and histopathological examinations of the primary M-HPC revealed a typically cellular tumor composed of round to slightly spindled cells in a jumbled arrangement (Fig. 1D) . Additionally, the characteristic 'staghorn' vascular pattern was revealed. Calcification was not demonstrated as epithelioid features were distinctly absent. No high-grade HPC feature was defined, and all the features were compatible with M-HPC. The immunohistochemical staining revealed positive staining for vimentin (diffuse), factor XIIIa (diffuse), CD99 (focal), bcl-2 (focal) and CD34 (focal), and negative for epithelial membrane antigen, glial fibrillary acidic protein and S-100 protein. The proliferation index evaluated with antibody against Ki-67 antigen reached 8-15% (Table I) . Single-dose, image-guided radiosurgery to the tumor bed was undertaken. The symptoms were resolved following surgery.
Follow-up. Four years later, a follow-up MRI revealed a local relapse within the original site ( Fig. 2A and B) and two recurrent tumors at the right parasellar region (Fig. 2C ) and right occipital region (Fig. 2D) , respectively. A second total-resection surgery was performed. The resected-recurrent tumor shared similar histopathological features with the proliferation index of 15% in comparison to the primary tumor.
Series MRI and CT scan performed later disclosed multiple extracranial metastases to the ilium, costal bone, bilateral kidneys and spine with compression fractures of C4, T4 and T6 (Fig. 3A-G) . The corresponding coronal volume-rendered single photon emission-CT images showed multiple areas of increased tracer uptake. CT-guided aspiration of the mass in the left ilium was performed and histological examination revealed a spindle cell tumor compatible with an M-HPC, with proliferation index of 10%. The immunohistochemical findings of the primary, recurrent tumors and metastases are summarized in Table I .
The patient received two cycles of chemotherapy with oral 150 mg/m 2 temozolomide on days 1-7 and 15-21 and 5 mg/kg bevacizumab intravenously on days 8 and 22, repeated at 28-day intervals. Two months later, in the absence of unacceptable toxicity, the patient continued to receive treatment with 4 mg zoledronic acid once every 3 weeks for 10 cycles to prevent skeletal relevant events and to palliate bone pain. At the end of the treatment, stable disease was obtained and it lasted over one year from then on. Currently, the patient continues to be clinically and radiographically stable on MRI and CT.
Discussion
Intracranial M-HPC is a rare, but distinct highly cellular and vascularized mesenchymal tumor with a high recurrent rate of >91% after 15 years (5) and high metastasis rate of 64% (6) . Bone, liver, lung, central nervous system and abdominal cavity are the most commonly reported sites of metastasis in HPC. The present study described a case of primary M-HPC with Preoperative detection and identification of M-HPC is important with regards to therapeutic and prognostic value due to its more aggressive biology, which is distinct from that of meningioma. Clinically and radiographically, it is often challenging for differential diagnosis of M-HPC from meningioma. However, multimodality imaging, such as CT and MRI, can demonstrate the important characteristics of these tumors and may provide certain diagnostic clues. Clinically, M-HPC typically occurs at a younger age than meningiomas, and slightly more often in males compared to females (4) . The clinical course of M-HPC is often shorter than that of meningiomas due to its faster growth rate. Radiographically, M-HPC is usually a sharply demarcated extra-axial mass with dural attachment, multilobulated margin and marked contrast enhancement on CT and MR imaging (7, 8) . On T1-weighted imaging, this lesion is isointense to slightly hyperintense, which may have resulted from the nature of hypercellularity and hypervascularity. In the study by Chen et al (8) , all the eight cases of M-HPC demonstrated multiple signal-intensity voids of vessels on MRI. As opposed to meningioma, M-HPC may present adjacent bony erosion, but lacks calcification and hyperostosis of the involved bone, which is indicative of meningioma. The present case represented several imaging features that are suggestive of the diagnosis. Additionally, this case clarified the requirement for detailed staging and long-term follow-up. However, these radiological profiles are not sufficiently distinctive to permit the exclusion of meningioma. The correct diagnosis primarily relies on histological and immunophenotypical confirmation.
The total removal of the tumor followed by postoperative-adjuvant radiotherapy is the mainstay of treatment. Postoperative-adjuvant radiotherapy has been reported to be effective in local-recurrence control (6, (9) (10) (11) (12) (13) , although controversy exists in its associations with the reduction of metastasis development (9) and survival benefit (13-16). The propensity of M-HPC in producing metastases in extraneural organs is the principal cause of failure in the treatment. The development of M-HPC metastasis resulted in a significant reduction in the survival time with an average survival time of 24 months after discovery (6) . The role of chemotherapy in the treatment of the metastatic M-HPC remains controversial with varied responses in an extremely limited number of studies (9, 14, 17, 18) . Certain novel drugs, including anti-vascular endothelial growth factor receptor drugs (19) (20) (21) and a tyrosine kinase inhibitor (22) , have been initiated to treat this disease. Temozolomide has demonstrated activity against numerous types of cancers (23) (24) (25) . In the present case, multiple metastases were discovered in multiple organs, including rib, ilium, spine and the bilateral kidneys with vertebral compression fractures. Palliative radiation therapy, with a dose of 40 Gy/10 fractions, resulted in alleviation of the involved bone pain. Four cycles of chemotherapy with temozolomide and bevacizumab were initiated, followed by 10 cycles of zoledronic acid. The patient continued to be clinically and radiographically stable on follow-up MRI and CT. The case provides evidence that a multimodality approach of systemic therapy with temozolomide and bevacizumab, in combination with palliative radiation therapy, may be a promising therapeutic strategy when metastatic M-HPC is encountered. However, limited to the rarity of the condition and available data reported previously, the optimal systemic treatment strategy has not been defined.
In conclusion, M-HPC shares similar clinical manifestations and radiological findings with meningioma, but it is a rare, distinct clinicopathological entity with high metastatic potential and tendency for aggressive-local recurrence. Preoperative CT and MRI could provide certain diagnostic clues and useful information for more optimal treatment planning. However, the treatment of M-HPC, particularly in metastatic settings, remains a challenge. Novel drugs, including temozolomide and bevacizumab, as a component of multimodality therapy, may deserve further investigation. Increasing the knowledge regarding the nature of this entity, underlying molecular pathogenesis and affected signaling pathways makes molecularly-targeted therapy of this lesion possible.
